Phytosociological analysis in native forests is performed considering the horizontal and vertical structure of the studied population, whose most expressive parameters are the density, dominance, frequency, value of coverage and value of importance of species. Many phytosociological studies include a value of importance of species calculated by adding density, dominance and frequency, in their relative forms, however, this estimator is a mathematical impropriety because the result is a sum of indexes and does not express the true meaning of species' value. This is because the estimator is still influenced predominantly by the density of occurrence of species and cannot capture the relevant hierarchical participation of emerging species that occur with low density in the biocoenosis. In this work, we propose a new index to characterize the value of importance of species based on the hierarchy and spatial absolute probability of the species in the biocoenosis, illustrated with data from a forest fragment of semideciduous tropical forest located in Cassia, MG, Brazil. The new index appropriately expressed the importance of species in the evaluated fragment.
INTRODUCTION
Several ecological studies have been conducted in experimental units that form the Site ECOSILVIBRAS of the Long Term Ecological Program (PELD), today named ELFA, supported by the Brazilian National Council of Scientific and Technological Development (CNPq), in the Atlantic Forest, with special emphasis on forest remnants of the Araucaria Forest and its transitional areas. The natural vegetation has been evaluated and analyzed using taxonomic or floristic methods based on the plant structure and physiognomy.
Floristic analyses have revealed the diversity of species that compose the arboreal stratum of the forest, and the present research work is focused on this subset of the plant population. An analysis of the horizontal structure was conducted based on the parameters of density, frequency, dominance and cover value, reflecting the reality of the spatial distribution of populations, and distinguishing populations in the context of the ecosystem. SYLVIO PÉLLICO NETTO, MAURICIO K. AMARAL and MARCIO CORAIOLA In several research studies encountered in the literature presenting evaluations of both the horizontal and vertical structures that characterize the floristic composition of forest populations, the value of importance (VIS) of species was improperly obtained considering its underlying mathematical concept. This is because the VIS was calculated as the sum of indices whose ratios do not present a common denominator.
Many authors have contributed significantly to the development of phytosociological indices, the VIS is part of this group of indices, constituting a collection of ecological concepts that are equated biometrically and which, in most cases, are expressed by probabilistic assessments of events of significant importance for an ecological characterization of forests.
According to Souza et al. (1998) , the tree species occurring in a forest population constitute the essential material for a floristic analysis of a particular area.
Phytosociological analyses are performed considering the horizontal and vertical structure of the studied population to obtain the density, dominance, frequency and value of importance, which are the most relevant parameters to describe the structural configuration of the biocoenosis.
The density, understood as the number of individuals of each species and of all other species occurring per unit area in the studied forest population, reported in absolute quantities as absolute density ( abs D ), according to Curtis and McIntosh (1950) , and in relative form as relative density ( rel D ), is obtained by effective counts of individuals in a continuous space and reported as a percentage (Finol 1971) . If species are evaluated based on their density, called abundance by some researchers, the species are ranked as very rare, rare, occasional, abundant and very abundant, and these ranks form relevant information to characterize the composition of the forest population (Förster 1973 , Longhi 1980 . These factors are expressed as 1 . abs D n ha − = for absolute density and 1 . 100 rel D n N − = for relative density. The dominance, understood as a measure of the total body projections of the plants (horizontal expansion), is the sum of all of the horizontal projections of the individuals belonging to one species. This concept has been applied by several researchers, including Förster (1973), Font-Quer (1975) and Longhi (1997) . Martins (1991) extended this concept to the proportion of size, volume of wood or coverage of each species in relation to the space or total volume of wood occurring in the phytocoenosis. In dense forests, it becomes difficult and complex to obtain the projection of all of the crowns of the trees due to the peculiar vertical stratification in forests with plants of all ages. For this reason, the basal area of the entire arboreal stratum is proposed to replace the crown's projection area because there is significant correlation between these two parameters (Cain et al. 1956 ). Finol (1971 Similarly, the relative dominance (DO rel ), applied by Cottam and Curtis (1956) , is the percentage of the basal area of each species in relation to the basal area of the entire arboreal stratum
The frequency is understood as the percentage of incidence of a species in the set of sample units that were integrated into the floristic survey of a forest population ( i m ) (Förster 1973 Curtis and McIntosh (1950) and used by Cottam and Curtis (1956) and by Förster (1973) , is considered a relevant estimator to order the importance of each species in the phytocoenosis, obtained by the addition of the referred indexes, i.e. rel rel rel Martins (1991) reported that the relative values of density, frequency and dominance, in isolated forms, reveal essential aspects for the characterization of the floristic composition of forests but do not indicate the structure of the floristic vegetation as a whole. This author also reports that the VIS has been of great utility to separate different types of forests and to relate them to environmental factors or even to relate the distributions of species to abiotic factors.
Braun-Blanquet (1964) described the value of coverage (VC ) as the power of the species in the community. Also used by Förster (1973) , the VC is regarded as an important index to reveal the relevance of each species in a given biocoenosis, which is obtained by the sum of the relative density and the relative dominance, i.e. Considering the importance that the parameter VIS has for ranking species in a spatial context of a tree population, a hypothetical new VIS index with appropriate mathematical rationality is viable.
Experimental data were collected to validate the new proposal.
MATERIALS AND METHODS
With the objective of proposing a new index for the value of importance ( ) VIS of forest species, it will be important to conceptualise each of the parameters that will be used in the calculation. The value of importance (VIS ), as proposed by Curtis and McIntosh (1950) and applied by Förster (1973), although identified as relevant to phytosociological contextualization, constitutes a mathematical impropriety when that parameter is obtained by the sum of indices. Such a result does not express the true meaning of the index because it is still influenced predominantly by the density of occurrence of species and cannot capture the relevant hierarchical participation of emerging species that occur with low density in the biocoenosis.
The VIS must be obtained primarily from the dominant arboreal stratum of the biocoenosis; hence, the index of dominance is the most important parameter to be considered. The basal area of each species does not ensure dominance in the forest, and when it is incorporated to the indices of frequency and density, does not reach the aim that it is expected to express.
The new proposal for the VIS was conceived as follows: Divide the absolute dominance by the absolute density to obtain the average dominance, i.e. the average cross-sectional area ( i g ) of the i th species considered in the sampling. Taking the total absolute dominance and dividing it by the total absolute density produces the average crosssectional area (ACA) ( g ) of all of the species considered in the sampling. SYLVIO PÉLLICO NETTO, MAURICIO K. AMARAL and MARCIO CORAIOLA Dividing i g by g produces a value termed as index of hierarchy ( i IH ) of the species:
( )
Note that this index presents conditions very relevant to describe the importance of the species because it establishes, in addition to the species dominance, a clear vision of their sucessional hierarchy, i.e. the importance of their position in the arboreal stratum of the forest.
The IH can also be considered as an appropriate indicator to express the degree of competition of species for light in the forest. The present authors propose that species can be grouped using the hierarchy index defined in (1) It is important to establish the relationship of sucessional concepts with biometric ones because the hierarchy of species is the result of synecological interactions occurring in the biocoenosis. Vieira and Higushi (1990) , quoting Whitmore (1978), confirm his statement about the behavior of native species in the physical environment, in which he separates the occurrences of a species in clearings from those occurring in closed habitats under the canopy by the conditions of light intensity and changes in quality due to temperature increases and saturation deficits.
There is also an increase in nutrients from the decomposition of dead individuals. Such environmental occurrences cause changes in the biological environment because existing seedlings and trees can die due to sensitivity to full light, and consequently, plants of pioneer species can appear, and other species can maximize their growth.
As suggested by Longhi (1997), the frequency of a species is considered as the probability that it occurs in the forest population. If such occurrence is reported as an absolute value, it will not result in the same value of abs F if this index was obtained directly as a percentage, although the index has been called as an absolute value. To avoid misleading interpretations, we propose to identify this factor as i P .
The new VIS was obtained by multiplying the resulting value for the i IH by the value of i P :
(2)
Note that such an estimator is an index that can precisely indicate the importance of species because it allows a ranking of species considering their dominance, density and frequency in the biocoenosis. To validate this index, the results of VIS obtained from both of the considered methodologies were compared by means of a synthetic indicator (SI), which converts the values to the same numerical scale. These measures vary between zero (lowest score) and one (highest score), and the SI is calculated as follows:
. . SI used score of VIS min score of VIS max score of VIS min score of VIS
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Sampling data were collected in a fragment of semideciduous forest located in the Reata Farm, in Cassia, MG, Brazil. Nine sampling units of 1 ha each were measured and subdivided into 100 subunits of 100 m 2 , totaling 9 ha in primary units and 900 subunits, in which the census was conducted. The area is located in the municipality of Cassia, in the southern region of the state of Minas Gerais, Brazil, with approximately 200 hectares, of which approximately 90 of these of tropical semideciduous forest in climax stage, i.e. untouched, and situated between latitude 20º20' and 20°40' south and longitude 46°40' and 47°00' west.
According to Radambrasil (1978) , the studied region is characterized by a morphostructural domain of remnants of 'folded chains', showing traces of these structures, with eventual exhibits of their emplacements. The area in question is located in the Central Highlands Region of the Alto Rio Grande, with an average altitude of approximately 680 m.
According to the Soil Survey Staff (1999), the soils in this region are classified as dystrophic red latosols (distrudox), mineral soils that are not hydromorphic-more specifically, typical soils with moderate average texture. The region have varied phases of semideciduous forest, a terrain that is flat or smoothly wavy and less than 90 cumulative days per year without water.
The climate of the region of Cassia, MG, according to the Köppen classification, is type Cwa (tropical of altitude), presenting rigorous and rainy summers, with an annual rainfall of 1200 to 1400 mm and an average annual temperatures of 26.5 ºC (maximum) and 19.5 ºC (minimum).
To test the hypothesis of goodness of fit in the probability distributions, the Kolmogorov-Smirnov test was used. According to Scolforo (1998) , this test should be preferred for the present data because other tests, such as the G and chi-squared, may present biased results when the number of observations per class is less than five.
The following hypotheses were tested for levels of 95% or 99% of probability in a bilateral test: The Kolmogorov-Smirnov test was applied to the data, and the calculated (4) and the tabulated (5) values were obtained as follows:
RESULTS AND DISCUSSION
After processing the phytosociological indices, as described in the methodology for obtaining the new value of importance ( (VIS ) of the species, the results were calculated using data collected in 1996 from the inventory of permanent plots located in the Farm Reata (Table I) . Although we have conducted annual successive measurements in these sampling units for 13 years, up to 2009, we preferred to use the results of the first measurement to support future assessments when applying the new index in dynamic studies of this forest fragment. The absolute and synthetic values of importance (VIS) calculated using the methodology proposed by Curtis McIntosh were also included in Table I , for comparison with those resulting from the application of the new methodology proposed by the first author.
The researched forest fragment presented, for the 124 species catalogued in the forest inventory, an average density of 791.4 individuals per ha and a basal area average of 32.1 m 2 .ha -1 in the 900 subunits measured in the sample. The results obtained by the application of the new index value of importance (VIS ) show a coherent reality of the species participation in the biocoenosis because the structure of the assessed forest fragment has already reached a climax stage.
To facilitate a comparison of the importance of the species, a new VIS was calculated on a scale from zero to one, denominated as VIS synthetic, which started with the species Cariniana legalis (Mart.) Kuntze, with the value 1.00, and ended with the species Buchenavia sp., with the value 0.00. Analyzing the frequency distribution of the VIS values in the forest fragment, it was possible to distinguish four groups of species in order of importance:
• Group I -With VIS between 0.9 -1.0: Cariniana legalis, Ficus sp. 1 and Pterocarpus rohrii;
• Group II -With VIS between 0.4 -0.6: • Group IV -With VIS between 0.0 -0.2: the remaining 102 species. The non-occurrence of species with VIS in the range between 0.6 and 0.9 means that the successional process is in progress because the related species in Group II have the possibility of expanding their dominance. The species in Group II present, except Enterolobium contorstisiliquum Morong., a probability to occupy space in the biocoenosis ( 0.5 Pi ≥
). Observing the groups, 75.5% of the species are allocated in Group IV, indicating a remarkable potential for species growth, which will ensure a dynamic successional process in the next few decades, in spite of this forest fragment has already reached its climax stage. Considering the random variable of the average cross-sectional area of all of the species, the probability distributions Gamma, Beta, Log- normal and Weibull-3P were adjusted to the data of the forest fragment. The Weibull-3P distribution was chosen because of its goodness of fit, as is presented in Table II .
The Weibull-3P function, according to the model presented in (6), was fitted using the maximum likelihood method, and the coefficient values are presented in Table III and illustrated in Figure 1 . 
The probabilities of species dominance analyzed as a function of the random variable (average of cross-sectional area (ACA) for all of the species) show that 71% of the species do not exceed 0.05 m 2 .ha -1 , i.e. the average maximum diameter corresponding to the average cross-sectional area is equal to 25 cm; 15% of the studied species can reach 0.10 m 2 .ha -1 , i.e. the average maximum diameter corresponding to the average crosssectional area is equal to 35.68 cm; and only 0.13% of the species dominate the biocoenosis because they can reach up to 0.55 m 2 .ha -1 , i.e. the diameter corresponding to the average cross-sectional area is equal to 83.68 cm. Although a well-known tree of Cariniana legalis (Mart.) Kuntze was not included in the present sampling, its dbh was measured and is equal to 243 cm.
The residuals were defined assuming normality of the errors ~(0,1) , indicating that there is a linear relationship between the observed values and those estimated from the Weibull-3P distribution, which confirms the absence of discrepancies among the residuals (Fig. 2) .
CONCLUSIONS
Considering the new methodology for the hierarchy of species, the authors propose that the studied fragment of the semideciduous forest should be ecologically characterized by the species with 2 IH ≥ because these species effectively represent the upper stratum, are dominant and form the group of greatest importance in the biocoenosis: Enterolobium contortisiliquum (Vell.) Morong. An Acad Bras Cienc (2015) 87 (4) 
